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INTRODUCTION

Background

The Navy's supply system in the Pacific Ocean region is a complex network whose
purpose is to support the operating fleet anywhere from the east coast of Africa to the
west coast of the continental United States (CONUS). This network consists of the naval
supply centers (NSCs) at San Diego, Oakland, Pearl Harbor, and Puget Sound; the naval
supply depots (NSDs) at Subic Bay, Guam, and Yokosuka; and all Pacific Fleet (PACFLT)
combat store ships (AFSs).

In general, when a ship is operating between Pearl Harbor and CONUS, it is supplied
by the nearest NSC. However, when a ship is deployed to the Western Pacific
(WESTPAC), its first line of supply is from an AFS and its second line, from the nearest
NSD; the ship can also be supplied directly from NSC Oakland. Similarly, AFS ships are
replenished from either NSD Subic Bay or NSD Yokosuka, while NSDs are replenished
from NSC Oakland. NSC Oakland plays a dual role in the supply network; it directly
supports Oakland homeported ships operating in the vicinity, as well as ships operating in
WESTPAC, either directly or indirectly. The PACFLT supply requisition network is
illustrated in Figure 1.

SUPPLY REQIJISITIONS
S....... ..... •............. . ........ ........... ..
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Figure 1. Pacific Fleet supply requisition network
for ships operating in WESTPAC

Since the beginning of FY 1980, and owing to events in the Middle East, the U.S.
Navy has had to adjust the operating schedule of its fleet to cover extended deployments
to the Indian Ocean area. The changes in deployment patterns have caused dramatic
shifts in workload for supply centers and depots, among other activities. If the Navy is to
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sustain its presence in the Indian Ocean area over the next several years, consideration
must be given to several factors that affect the efficient allocation of supply resources.
These include (1) the level of indirect fleet demand for supply support, (2) the
homeporting "scenarios," (3) the operating tempo of the fleet, and (4) the level of
maintenance support. All of these factors affect the supply workload in the Pacific
region. Consequently, before the Navy can determine the budget and manpower needed
for each of the seven PACFLT supply centers and depots, their respective workloads,
given a specific fleet configuration, operating schedule, and indirect fleet demands
channeled through other shore activities, must be determined.

In case of indirect fleet demands, it is worth noting that a significant amount of the
demands come from shipyards and ship repair facilities (SRFs). Increased shipyard supply
requisitions in support of additional ship overhauls constitute but a single example of an
indirect fleet demand on the supply system.

The question of homeporting becomes particularly important when there are in-
creases in fleet size and changes in operating schedules to cover extended deployments to
the Indian Ocean area. For instance, we must know the impact of increased ship
deployments to the Indian Ocean on time spent in homeport. If deployed ships spend less
time in homeport, we can expect differential changes in the workloads of NSCs. In this
regard, the most interesting case is NSC Oakland, because of its role in supporting
WESTPAC visitor ships, depots, and repair facilities, in addition to Oakland-homeported
ships.

The operating tempo of the fleet clearly affects the workload at the various
shipyards. If ships are spending less time in their homeport area, scheduled overhauls may
have to be postponed. As overhaul schedules are delayed, the Supply Operations
Assistance Program (SOAP) will also have to be delayed. In any event, it is necessary to
determine the impact of the shipyards' workload on the supply centers in terms of
shipyard supply requisitions.

If the fleet is to maintain an adequate level of operating readiness, more mainte-
nance work at the intermediate and restricted availability levels will have to be
performed by deployed tenders, repair ships, and ship repair facilities (SRFs). It is not
certain that existing Navy facilities, especially SRF Subic Bay, will be able to handle the
extra workload. Nor is it clear that NSD Subic Bay will be able to support the additional
demands from SRF Subic Bay, tenders, and repair ships.

To determine whether the Navy's presence in the Indian Ocean area would result in
the degradation of supply support, the effects of the changes in deployment schedules and
shifts in the allocation of supply resources must be measured. The PACFLT Logistics
Model was used to test the effects of changes in deployment patterns on supply activity
workload (see Blanco, Kissler, and Woon, 1930). The model forecasts supply workload, in
terms of number of requisition demands, at the seven supply centers and depots, given a
specific fleet configuration and operating schedule.

Objectives

The objectives of this effort were to (1) verify the PACFLT Logistics Model using
actual FY 1978 worldoad data, (2) determine the model's ability to forecast accurately the
impact that changes in deployment patterns have on the number of supply requisitions
usng actual FY 1980 ship employment data, and (3) project workload for the seven NSCs
and NSDs for FY 1981 and FY 198.
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MODEL VERIFICATION

The PACFLT Logistics Model forecasts workload at various supply activities, given
fleet size, mix, and operating schedule. The model employs an input-output (I/O) analysis
framework that captures the interdependence of support workload and, as a result, the
direct and indirect demands placed on the supply centers and depots. The model contains
30 economic sectors: I I supply and 19 maintenance. The units of workload measure are
the number of requisitions for the supply sectors and the number of man-days for the
maintenance sectors.

The current version of the model forecasts workload at the seven PACFLT supply
centers and depots based on projected fleet homeporting, employment schedules, and
maintenance workload at shipyards, SRFs, and ship intermediate maintenance activities
(IMAs). The model is designed to operate interactively from a computer terminal in a
conversational mode. Through a series of commands, the user is able to modify the
imputs to the model and then project the resultant workload for each sector.

Historical data from FY 1978 were used to verify the internal operations of the
PACFLT Logistics Model. Actual supply workload from the Supply Distribution and
Inventory Control Operations Report (NAVSUP 1144) was compared with the model'sI -projected results for the seven supply centers and depots.'

The following assumptions/data and sources were used as imput to verify the I/O
model for FY 1978:

I. Data on homeporting of ships by class and number were obtained from Com-
mander in Chief, U.S. Pacific Fleet (CINCPACFLT).

2. Actual employment schedules were used to calculate days in port, days deployed,
and days in overhaul.

3. All overhauled ships participate in the Supply Operations Assistance Program
(SOAP).

4. Actual ship repair man-days were used for all shore intermediate maintenance
sectors.

Total workload for each supply center and depot is accounted for by summing up
individual workload components. There are three basic workload components: the
economic (i.e., I/O) sectors, the fleet (both homeported and visitor ships), and miscella-
neous "throughputs" of major shore activities. Table I compares actual workload, in
terms of standard stock requisition demands, with the projected model results by workload
component. The percent difference for each supply center and depot may be attibutable
to the use of averages for computing requisition demand rates and average days in
port/deployed for each ship class. However, the results do verify the ability of the I/O
model to model workload, given fleet configuration and operating schedule.

'Line 3 of the 1144 report summarizes requisitions for standard stock items.
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Table I

Naval Supply Centers and Depots
Sector Component Comparision, FY 1978

(Number of Requisitions)

Data From Percent
Item Line 3, 1144 Report Model Results Difference

N %

NSC San Diego

1-0 Sectors 506,792 28.4 481,638 -4.9
SERVMART 148,112 8.3 144,132 -2.7

Fleet 669,179 37.5 644,357 -3.7
Throughput 460,395 25.8_ 43,368 -4.81,7g4,478 t00. 0 1,708,495 -4.2

NSC Oakland

1-0 Sectors 632,422 30.9 636,349 0.6
Fleet 489,155 23.9 473,123 -3.3
Throughput 925,097 45.2 876,506 -5.32,046,674 100 .0 1,985,978 -2.9

NSC Puget Sound
1-O Sectors 206,335 42.7 208,158 0.9
Fleet 143,999 29.8 138,713 -3.7
Throughput 132,886 27.5 138,134 3.9

483,220 100.0 485,005 0.4

NSC Pearl Harbor

1-O Sectors 154,502 24.4 155,177 0.4
SERVMART 63,954 10.1 63,684 -0.4
Fleet 193,761 30.6 186,734 -3.6
Throughput 220,989 34.9 230.862 4.5

633,206 10.0 636,457 0.5

NSD Guam
1-0 Sectors 36,844 16.4 35,733 -3.0
Fleet 7,189 3.2 7,676 6.8
Throughout 180, 624 80.4 196 328 8.7

224,657 I-- 239,737 67

NSD Subic Bay

1-0 Sectors 199,022 20.8 197,820 -0.6
Fleet 333,933 34.9 313,249 -0.6
Throughput 423,875 44.3 409 028 -3.5

956,830 I 0-"", 920,097

NSD Yokosuka
1-0 Sectors 125,223 32.9 123,094 -1.7
Fleet 111,521 29.3 109,616 -1.7
Throughput 143 873 37.8 150 105 4.3

3g0,617 ib 321 0.6
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MODEL VALIDATION

Actual employment schedules for the first three quarters of FY 1980 were used to
validate the model; that is, to test the model's forecasting accuracy. Of particular
concern is the impact of increased deployment to the Indian Ocean in terms of changes in
requisition workload.

Table 2 displays both the projected and actual workload changes from FY 1978 to FY
1980 for the seven supply centers and depots. As shown, the model projections refiected
actual workload changes during this time period in a reasonably accurate manner.

Table 2

Actual and Projected Standard Stock Requisition Demand Workload Changes
(FY 1978 to FY 1980) for Pacific Region Supply Centers and Depots

Activity Actual Change Projected Change
Amount Percent Amount Percent

NSD Subic Bay 139,535 14.6 142,839 14.9

NSD Yokosuka 5,117 1.3 -7,787 -2.0

NSD Guam -18,183 -8.1 -1,120 -0.5
NSC San Diego -79,044 -4.4 -109,757 -6.1
NSC Oaklanda 137,026 6.7 -44,698 -2.2

NSC Pearl Harbor 17,142 2.4 18,204 2.5

NSC Puget Sound 8,709 1.8 -5,239 -1.0

aEffects of NAS Alameda consolidation were not considered.

SUPPLY WORKLOAD FORECAST, FY 1981 - FY 1965

Once verified and validated, the PACFLT Logistics Model was used to make
projections for FY 1981 and FY 1985 based on projected fleet configurations as of
December 1980. Using FY 1978 as baseline data, actual and proected percentage
workload changes for NSD Subic Bay, NSC San Diego, and NSC Pearl Harbor were
computed. These are shown in Figure 2.

It is obvious that continued naval presence in the the Indian Ocean would have the
greatest impact on NSD Subic Bay because of its supply mission and proximity to the area.
The direct demands on NSD Subic Bay are largely caused by deployed ships. The indirect
demands are a result of increased workload at SRF Subic Bay and increased employment
of repair/tender/supply ships to support combat ships stationed in the Indian Ocean area.

Table 3 summarizes the total number of PACFLT ships homeported and in overhaul
for FYs 1978, 1980, 1981 and 1985. Although more than half (about 53%) of the PACFLT
ships are homeported in San Diego, the direct demands on NSC San Diego decreased in FY
1980 because of fleet deployment in the Indian Ocean. The NSC San Diego indirect

L... 5
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demands also decreased because of the delay in overhaul schedules (9 ships in overhaul in
FY 1980 versus 15 ships in overhaul in FY 1978) and the resultant decrease in shipyard
requisitions.

Table 3

Total Number of Pacific Fleet Homeported and Overhauled Ships
FY 1978-FY 1985

FY78 FY80 FY81 FY85
Activity/Status (Actual) (Actual) (Projected) (Projected)

NSC Oakland:

Homeported 21 21 20 17
Overhauled 11 6 4 4

Total 32 27 24 21

NSC Pearl Harbor:

Homeported 40 43 47 49
Overhauled 7 5 6 4

Total 47 48 53 53

NSC Puget Sound:

Homeported 11 8 7 4
Overhauled 11 9 13 6

Total 22 17 20 10

NSC San Diego:

Homeported 107 106 98 115
Overhauled 15 9 13 1__

Total 122 115 111 129
NSD Yokosuka:

Homeported 7 6 8 8
Overhauled 1 2 1 0

Total 8 8 9 8

The operating tempo of the fleet in FY 1981 is a continuation of FY 1980 and, since
the fleet configurations are similar in both years, the projected results are very close.
Table 4 summarizes the projected percentage (%) workload changes for the seven supply
centers and depots, from a high (increase) of 14.8 percent at NSD Subic Bay, to a low
(decrease) of -6.4 percent at NSC San Diego.

The projected results at NSC Oakland for FY 1981 are a good eumple of the
interdependence of support workload of the I/O approach. The requisition demands on
NSC Oakland decreased as a result of Oakland-homeported ships spending less time in the
homeport area. However, the decrease in workload is offset because of the direct and
indirect support that NSC Oakland gives to WESTPAC operating ships (as shown in the

7
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PACFLT supply network of Figure I). The net effaict an Nsc Onildo is a d at ee
only 2.2 percent from PY 19 Seucudlng the effects d the NAS A ktim).

TAWe 4

Proected Changes in Standard Stock Requmton Demands an
Navml SUPly Centers and Dpots- -FY I1 to FY 196 1

Am Pomftnt PEwn

Activity Change ho

NSC San Diego -114,1 -4.4

NSC Pearl Harbor 19,7V 2.7

NSC Oadand 14,2 -2.2

NSC Puget Sound -1,541 -0.3

NSO Yokosuka -13,096 4.8

NSD Subic Bay 141,6, 10.3

NSD Guam -1,041 -0.5

FY 191I projections for NSD Yokaeuim showed & . percent decrease in worklad
under the assumption ol increased Indian Ocean deploment. The impact on NSD
Yokosuka is attributable so two reasos First, dlrect supply requliis from the flet
would decrease because (1) Yokos id-homeported ships would spend mam time awoy from
the homeport area and (2) visitor ships, which uuslly spend some time in Yoimwls before
moving towrd Subic Bay, would be byp aing Yaksuls to a reater dere. SSon,,
indirect supply requisitions would decrease as the result of the shifts of intermediate
maintenance-level work performed by tenders and repair ships.

Table 5 shows the total man-days expended by tenders and repair ships by location.
The FY 1973 and FY 1930 data are actual man-days expended. The FY 1961 and FY 1963
data are projected man-days based on proposed tender ad repair ship kmlg-term
employment schedules and historical tender utiliation at each location.

As the PACFLT presence in the Indian Ocean area increases, there is a shift in
intermediate-level maintenance. From FY 1973 through FY 1995, intermdiate-level
maintenance at San Diego and Alamed decrease as resources in WESTPAC (Including
Diego Garci) increase. Because of the activity in the Indian Ocean area In FY 1960,
afloat intermediate-level maintenance resources in Subic Bay and Yokoeuls wem shted
to Diego Garcia, and there were no intermediate maintenance man.days expended in
Yokosuka. In FY 1931, additional tenders and repair ships are projected to deploy to
Yokosuka while intermediate-level maintenance activity continues at Diego Garca.

, - - - - - " ' - ., : . - . .



TableS

Total Mtan-Oays Expanded by Tenders and Repair Ships by Location
FY 197-FY 1995

Activity FY 1978 FY 1960 FY 1961 FY 1965
(Act al) (Actual) (Projected) (Projected)

IMA San D hgo 115,437 133,470 107, G" 143,515

IMA Alamoda 40,073 37,*49 30,069 29,709

IMA Pml Harbor 38,929 37,00 40,340 47,067

IMA Subic Bay 24,530 $3,252 91,652 91,632
(Ind. Diego Garcaa)

IMA Yohiosui 26,213 0 14,919 4.1

Total 315,807 291,176 284, 5 326,81

The fleet size and mix are projected to change drastically by FY 1985 as new ships
are built and older ships decommissioned. For example, San Diego would have 13 PERRY-
class (FFG 7) frigates, as compared to 5 in FY 1981. Other new ships in the fleet include
KI[0-cIass (DOG 9A3) guided missile destroyers and CALIFORNIA- and VIRGINIA-class
nuclear-guided missile cruisers.

Because of the shifts in maintenance demands observed in FYs 1980 and 1981 and the
increased fleet size expected in FY 1985, a significantly increased demand is placed on
tenders and repair ships to perform intermediate maintenance workload in the Indian
Ocean area. To relieve part of this heavy workload and increase readiness in the area,
additional maintenance resources such as a ship repair facility (SRF) may be needed in the
Indian Ocean area.

Based on this intermediate maintenance (IM) need, two separate scenarios were used
for the FY 1985 projections (1) no additional SRF capability, and (2) SRF Indian Ocean
established. Scenario 2 assumes SRF Indian Ocean would accomplish 50 percent of the IM
workload of SRF Subic Bay.

As the fleet size increases in FY 1985, and the Indian Ocean deployment pattern
continues, the greatest impact is again on NSD Subic Bay. Projected results show a 21.2
percent increase in NSD Subic Bay workload (see Table 6), and, if an SRF Indian Ocean is
established, NSD Subic Bay's workload would increase by another 3.8 percent to a total 25
percent increase from baseline FY 1978.

Although we assumed PACFLT ships still maintained extended Indian Ocean deploy-
ments in FY 1985, the workload at NSC San Diego is projected to grow back to the FY
1978 level owing to increased fleet size and changes in fleet mix. The number of San
Diego-homeported ships increases by 6 percent while these homeported in Pearl Harbor
increases by 13 percent from FY 1978 to 1985. As a result, projected NSC Pearl Harbor
workload increases by 10.1 percent in FY 1985 over the FY 1978 baseline.

Figure 3 shows the projected workload changes resulting from combining the NSCs
(San Diego, Pearl Harbor, Oakland and Puget Sound) and NSDs (Subic Bay, Yok sule and
Gam). The projected results show that the Navy must shift the resources devoted to

9



supply suppor from te NSCs (espcially Sen Diego) to te NSos (4eqpcmnly Subic may) itf
the Navy coninum to maintain a gnflnceant preence in t Indian Ocmn arm.

Talde 6

Projected Chaips in Standard Stock Re.lation Denwids an
Noel Supply Centers a Depots--PY 1978 to IY 11163

Projected Waldad Projected Worlod
Without SRF' With SRF
Indian Ocean Indian Ocean

Amount Percu.t Amount Percen
Activity Change Chauge Change Chwg

NSC San Diego -5,18 -0.3 4,*6 -0.3

NSC Pearl Harbor 73,256 10.1 73,236 10.1

NSC Oaland -49,083 -2.4 -33,493 -1.6

NSC Puget Sound -22*69 -4.6 -22,69 -4.6

NSDYoi.OuI -18,496 -4.9 -18,4 .4.9

NSD Subic Bay 202,709 21.2 238,819 23.0

NSD Guam 1,38 0.6 1,3416 0.6

10
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The validity of the PACFLT Logistics Model for forecasting supliY activity woridasd
was demonstrated using historical data. The FY 1978 projected results verity the made's
basic assumptions and estimating parameters, and the PY 1910 projected results demon-
strate the model's ability to measure accurately chw s in suppy wardand due Io sIhfts
in deployment patterns. Projected results for FY 1911 and PY 1915 have been ued in
allocating resources by supply resource sponsors for POM43. Among other imms, the
PACFLT Logistics Model sheds light on the allocation of supply resources between the
Naval Supply System Command and CINCPACPLT.

FUTURE DOIECUON

The PACFLT Logistics Model currently forecasts supply wordad, given fleet
configuration, operating schedules, and maintenance man-days at shipyards, SRFs, and
IMAs. A planned extension will ubie the model to forecast intermediate maintenance
workload. Further analysis of the maintenance sectors might includes

1. Determining, for each ship class, the percent time spent in an upkeep status at

each location.

2. Calculating demand rates such as maintenance man-days per day in upkeep.

3. Investipting the relationship between levels of maintenmnce support while ships
are deployed and required maintenance after they return to homeport.

12
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